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  The paper describes texture and mineral content of apple, osmotically dehydrated in 
sugar beet molasses as compared to apples treated in saccharose solution. Osmotic de-
hydration was conducted at constant temperature of 55°C and atmospheric pressure. 
During the experiment, the concentration of sugar beet molasses was varied 40 to 80%, 
the concentration of saccharose solutions was varied in the range of 30 to 70%, and the 
most important kinetic parametars of the osmotic dehydration, after 1, 3 and 5 hours of 
immersion were observed. During osmotic dehydration, in the samples which were trea-
ted in sugar beet molasses, the content of minerals was increased to a great extent that 
enhanced their nutritive value. Textural quality parameter was evaluated from the maxi-
mum cut force, tested at Instron testing machine. It was found that the samples dehydra-
ted in saccharose solutions had a softer and more gentle texture – the maximum force 
load decreased threefold as compared to the other samples. 
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INTRODUCTION 
 
  Osmotic dehydration is used as pretreatment in the process of extension of the sus-
tainability of fruit and vegetable drying. The aim of osmotic dehydration is a partial re-
moval of water from the material with a simultaneous reduction of solid gain, in order to 
obtain a better quality final product. In other words, osmotic dehydration is a process for 
concentrating fruit and vegetables (1). 
  In the first phase of the process, fruits and vegetables are dipped in a hypertonic 
aqueous solution whereupon part of moisture flows from fruits and vegetables as a con-
sequence of the difference in osmotic pressure of water in the plant tissue and hypertonic 
aqueous solution, through the cell walls and surface tissue which act as a semi-permeable 
membrane. However, as these structures are only partially permeable, at the same time 
there is a diffusion of solute from osmotic solution into fruits and vegetables (2). 
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  In addition to these two dominant processes a diffusion of cell juices from the plant 
tissue into osmotic solution occurs, but to a much smaller extent, which is considered to 
be minor but also affects the nutritive value of osmo-dehydrated fruits and vegetables (3, 
4).  
  Partially, dehydrated fruits and vegetables can be used directly in human nutrition or 
as a material for further drying to the appropriate moisture content (5). 
  The rate of diffusion of water from plant tissue depends on several factors such as: 
temperature and concentration of osmotic solution, the size and geometry of plant tissue, 
weight ratio of solution and plant tissue and the degree of solution mixing (6, 7). 
  Dehydration rate is the highest at the beginning of the process of osmotic dehydration 
because of the large differences between osmotic pressure in the solution and the plant 
tissue, as well as a small resistance to mass transfer (8). 
  The increase of the mass transfer rate during osmotic dehydration can be achieved in 
several ways - by applying vacuum, ultrasound, high pressure, centrifugal force, etc. (1). 
  The choice of optimal hypertonic aqueous solution appears to be the key problem in 
osmotic dehydration. So far, pure saccharose or its combinations with other sugars and 
sodium-chloride has been proposed as the best solution for hypertonic aqueous solutions 
(9, 10).  
  Besides saccharose, sugar beet molasses emerges as a suitable raw-material for the 
preparation of hypertonic solutions. Molasses is the last syrup, from is not possible to 
get the crystal sugar by usual procedures of crystallization. Molasses has a high content 
of solids (around 80%) and contains, in average, 51% saccharose, 1% rafinose, 0.25% 
glucose and fructose, 5% proteins, 6% betaine, 1.5% nucleosides, purine and pyramidine 
bases, organic acids and bases (11). 
  In Serbia, sugar beet molasses has not yet been used as an ingredient in food industry. 
Hence, the extensive research activities have been going on with the aim of introducing 
molasses as a valuable ingredient in bakery, confectionery and meat processing industry 
(1, 5). Sugar beet molasses is a cheap material available in large quantities and could be 
used as a replacement for saccharose. 
  The aim of this paper is to examine the influence of hypertonic solution (sugar beet 
molasses and sucrose solutions), used in the process, on the mechanical properties and 
mineral composition and nutritional quality of treated apples. 
 
EXPERIMENTAL 
 
  Apples for the experiment, were purchased on the local market. Prior to the treatment, 
the apples were stored at 4ºC and then thoroughly washed and cut into cylindrical shapes, 
20 mm in height and diameter with sharp apple corer. 
  Osmotic solutions were saccharose aqueous solutions (solid content: 30%, 50% and 
70%) that were prepared by mixing commercial sugar with heated distilled water (30ºC) 
to complete dissolution, and sugar beet molasses (from sugar factory in Bač, Serbia) with 
40, 60 and 80% solid content. Solutions were made by mixing pure molasses with distil-
led water. APTEFF, 40, 1-220 (2009)   UDC:634.11:664.854:664.126+664.15:543.92 
DOI: 10.2298/APT0940035K  BIBLID: 1450-7188 (2009) 40, 35-46 
Original scientific paper 
  37 
  Osmotic dehydration was carried out at 55ºC under atmospheric pressure. After mea-
suring the initial mass, samples of apple were dipped into different concentrations of the 
hypertonic saccharose solutions and sugar beet molasses. 
  Saccharose solutions had a concentration of 30% (in the study indicated as S1), 50% 
(S2) and 70% (S3), while the concentrations of sugar beet molasses solutions were 40% 
(in the further study indicated as M1), 60% (M2) and 80% solid content (M3). 
 
Fig. 1. Setup for osmotic dehydration 
 
  The material to hypertonic solution ratio was 1:4. The immersion lasted for 1, 3 and 5 
hours. After osmotic dehydration, the samples were washed with water and gently blotted 
to remove excessive water from the surface. The next step was to measure the mass of the 
samples. After measuring the mass, dry matter content and content of some mineral 
matter (K, Ca, Na and Mg) were determined. 
  The samples were kept in an oven (Instrumentaria Sutjeska, Serbia) at 105°C for 24h, 
until constant weight was attained. 
  The solid content of osmotic solutions was determined refractometrically (12).  
  The content of mineral matter were determined by atomic absorption spectrophoto-
meter AAS 30 – Carl Zeis (12-Cacak) and the texture of apple was determined by Instron 
M4301 (13). 
  All analytical measurements were carried out in accordance to AOAC methods (14). 
  During the process the values of water content were followed as well as the changes 
in weight and in the content of dry matter. These values allowed calculation of the fol-
lowing parameters: water loss (WL), weight reduction (WR), dry matter growth (SG) 
(15). 
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where: Wo - initial weight of the sample (g), W - weight of the sample after osmotic 
dehydration (g), uo - weight of dry matter in the fresh sample (g), u - weight of dry matter 
in the sample after osmotic dehydration (g). 
  On the basis of  these parameters, the rate of weight reduction (RWR ), the rate of 
growth of dry matter (RSG) and the rate of water loss (RWL) during osmotic dehydration 
are calculated. 
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where t is the duration time of osmotic dehydration.  
 
RESULTS AND DISCUSSION 
 
Kinetics of osmotic dehydration 
 
Table 1. Kinetic parametars of osmotic dehydration of apple in sugar beet molasses 
 
Concentration of 
molasses, % d.m. 
Time, 
h 
WR x 10
2, 
g/g initial sample 
weight 
SG x 10
2, 
g/g initial sample 
weight 
WL x 10
2, 
g/g initial sample 
weight  
1 15.477 
  2.216 17.693 
3 22.483    2.951  25.433  40 % 
5 32.155    4.410  36.566 
1 17.760    1.539  19.299 
3 32.690    2.471  35.161  60 % 
5 42.298    2.905  45.203 
1 24.851    1.182  26.034 
3 37.506    2.036  39.540  80 % 
5 52.634    2.624  55.258 
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  Tables 1 and 2 are show the changes of kinetic parameters during osmotic dehydra-
tion of apples depending on the concentration of sugar beet molasses and sucrose so-
lutions as well as duration of osmotic dehydration process.  
 
Table 2. Kinetic parametars of osmotic dehydration of apple in saccharose solutions 
 
Concentration of 
saccharose solution, 
% d.m. 
Time, 
h 
WR x 10
2, 
g/g initial sample 
weight 
SG x 10
2, 
g/g initial sample 
weight 
WL x 10
2, 
g/g initial sample 
weight  
1  12.805 0.438 13.244 
3 14.001  1.201  15.202  30 % 
5 19.531  1.300  20.832 
1  22.178 1.973 24.151 
3 29.820  2.827  32.647  50 % 
5  36.263 4.181 40.445 
1 25.349  2.216  27.565 
3 38.446  3.481  41.927  70 % 
5  49.203 4.716 53.919 
 
  The process of osmotic dehydration decreased mass of the samples, weight reduction 
(WR) increasing with  time and increase in concentration of sugar beet molasses. 
  The apple dehydrated in the 80% sugar beat molasses shows the greatest mass loss of 
52.634 x 10
-2g/g of the initial sample mass.  
  The SG value indicates the degree of penetration of solids from the osmotic solution 
to the apple sample. It shows a tendency to increase with increasing the immersion time, 
while increasing the concentration of osmotic solution reduces the increase of dry matter. 
  Water loss is defined as the sum of weight reduction and solid gain. In all samples 
WL was increased with increasing dehydration time. Higher concentration of sugar beet 
molasses caused greater loss of water from the samples. 
 
Mass transfer rate during osmotic dehydration 
 
  Tables 3 and 4 show the rate of mass transfer during osmotic dehydration as a func-
tion of time and concentration of sugar beet molasses and sucrose solution. The results 
show that the osmotic dehydration was most intensive at the beginning of the process. 
The rate of weight reduction is the highest in the first hour and 3 hours, after the process 
has a tendency of stabilization. The rate of weight reduction is greater when 80% mo-
lasses and 70% sucrose solution were used as the osmotic solution in that case the value 
of mass reduction being almost equal. 
  Loss of water is fast at the beginning of the process of osmotic dehydration. The cau-
se of this is a greater driving force in the beginning of the process of osmotic dehydra-
tion, i.e. greater difference in the osmotic pressures between surrounding hypertonic 
solutions and the plant tissue.  
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Table 3. Rate of mass transfer in osmotic dehydration of apple in sugar beet molasses 
 
 
 
Table 4. Rate of mass transfer in osmotic dehydration of apple in saccharose solutions 
 
 
Mineral composition of apple before and after osmotic dehydration 
 
  It is well known that the minerals in solution have irreplaceable importance for nor-
mal functioning and revitalization of certain cell elements, organs and organisms of 
plants and animals (10). 
  Figures 2-5, show the changes of the contents of the analyzed mineral components 
(K, Na, Ca and Mg) in the apples dehydrated in saccharose solutions and sugar beet 
molasses. 
  Since saccharose solution does not contain mineral component, a decrease in their 
contents was observed during osmotic dehydration. On the other hand, because sugar beet 
molasses is rich in minerals and other biogenic substances, and due to the diffusion of 
these substances from the hypertonic solution into the sample, an increase in the content 
of these components takes place in the treated apple.  
 
Concentration of 
molasses, % d.m. 
Time, 
h 
Rate of WR x 10
4, 
g/(g i.s.w.· min) 
Rate of SG x 10
5, 
g/(g i.s.w. · min) 
Rate  of WL x 10
4, 
g/(g i.s.w. · min) 
1  25.8 36.9  29.49 
3 12.49  16.4  14.13  40 % 
5 10.72  14.7  12.19 
1 29.6  25.6  32.16 
3 18.16  13.7  19.53  60% 
5 14.1  9.68 
  15.06 
1 41.42  19.7  43.39 
3 20.84  11.3  21.97  80% 
5 17.54  8,75
  18.42 
Concentration of 
saccharose solution,  
% d.m. 
Time, 
h 
Rate of WR x 10
4, 
g/(g i.s.w.· min) 
Rate of SG x 10
5, 
g/(g i.s.w. · min) 
Rate  of WL x 10
4, 
g/(g i.s.w. · min) 
1  21.34 7.31
  22.07 
3  7.78 6,67 8.45  30 % 
5  6.51 4,33 6.94 
1  36.96 32.88 40.25 
3  16.57 15.71 18.14  50% 
5  12.09 13.93 13.48 
1  42.25 36.93 45.94 
3  21.36 19.34 23.29  70% 
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Fig. 2. Loss/increase in the content of K in the apples during osmotic dehydration 
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Fig. 3. Loss/increase in the content of Na in the apples during osmotic dehydration 
 
  From the results we can conclude that the content of K decreased with extending 
immersion time. Osmotic dehydration in solution S2, after 5 hours, led to the largest loss 
in K content in apple (34.77%), while the smallest losses of K occured in the sample S1, APTEFF, 40, 1-220 (2009)   UDC:634.11:664.854:664.126+664.15:543.92 
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also after 5 hours (19.68%). After 3 hours of immersion, content of K was the highest in 
the apple treated in the M3 solution and it was 159.06 mg/100g, and after 5 h of the 
process the increase was the highest in apple dehydrated in M2 solution (48.24%).  
  The content of Na was the lowest in the apple dehydrated in S2 solution (50%) and 
the highest in the apple treated in the saccharose solution with 30% of dry matter (S1). 
Expressed in percentage, after 5 h immersion, the minimum loss was 26.91% and the 
maximum was 39.01%.  
  After the first hour of immersion the increase of Na content was the highest in the M1 
solution and it was 24.16%. At the end of the process of osmotic dehydration, after 5 h, 
the maximum increase was 83.99%, and it was in the apple dehydrated in 80% molasses 
(M3), but very similar results were achieved in the application of molasses with 60% of 
dry matter as osmotic agent. 
  As in the previous two cases, the loss of Ca, during the process of osmotic dehydra-
tion was the smallest in the hypertonic solution with the lowest concentration of dry 
matter. The loss was minimal in the S1 solution, and after 5 h it was 18.34% and the 
highest in the sample S3 (37.4%). The increase of the content of Ca was the most 
expressed in the sample dehydrated in 80% molasses, and it was 142.43%, which means 
that the amount of Ca in that sample was about 2.5 times higher in comparison to the 
amount of minerals in the starting, non-dehydrated sample. 
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Fig. 4. Loss / increase in the content of Ca in the apples during osmotic dehydration 
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Fig. 5. Loss / increase in the content of Mg in the apples during osmotic dehydration 
 
  A very similar conclusion can be drawn on the basis of the results, shown in Figure 3 
and related to the content of Mg in the apple sample after 1, 3 and 5 h of immersion. The 
loss of this mineral was quite large and after 5 h was 41.14% in the sample dehydrated in 
S3 solution. In comparison with the losses of other minerals (K, Na and Ca), the decrease 
in Mg content was the highest. 
  The results of analysis of apple samples obtained by osmotic dehydration in sugar 
beet molasses after 1, 3 and 5 h of immersion, indicate a significant increase in Mg con-
tent in the final product. The best results were achieved by applying 80% molasses as os-
motic medium, i.e. in the sample dehydrated in M3 solution.  The quantity of the mineral 
was, about 2.2 times higher in comparison to that before the osmotic dehydration. 
  On the basis of presented results, a general conclusion that the use of a sugar beet 
molasses as hypertonic solution has a significant advantage in comparison to the sucrose 
solution at all concentration and all immersion time.  
  Table 5 presents the results of texture determination in nondehydrated and osmo-
tically dehydrated apples. It is shown as an example of dehydrated apples in the sugar 
beet molasses and sucrose solution with the highest concentrations of dry matter. 
  Based on the measured cutting force (mechanical properties of texture) it can be con-
cluded that the samples osmodehydrated in sucrose solutions were softer and gentler 
because the cutting force was three times smaller in comparison to other samples of ap-
ples. There is no important difference in the strength between nondehydrated apples and 
osmotically dehydrated in sugar beet molasses. 
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Table 5. Cutting force for different samples of apple 
 
Cutting force, N 
Sample  Nondehydrated 
apple 
Apple dehydrated in 
saccharose solution 
(70% solid content) 
Apple dehydrated  
in molasses 
(80% solid content) 
1. 9.4  2.7  10.3 
2. 8.6  2.7  10.1 
3. 9.9  3.5  7.0 
4. 8.6  3.1  7.1 
5. 10.3  2.6  8.7 
6. 10.6  2.4  6.5 
7. 9.3  2.2  8.1 
8. 9.5  3.0  9.0 
9. 7.3  2.6  10.2 
10. 9.0  1.8  7.7 
average 9.25  2.66  8.47 
 
  Osmotically dehydrated apple, in sugar beet molasses, is enriched with the Ca
2+ ions 
from molasses which bind to the R-COO
– groups of pectic matter in apple. Therefore, the 
final product has approximately the same as raw material. 
 
CONCLUSION 
 
  The process of osmotic dehydration is the most intensive in the first hour. Water loss 
and weight reduction after 5 h of dehydration are higher in comparison to the dehydration 
over a shorter period of time. During osmotic dehydration of apple at 55° C water loss, 
depending on the applied concentration of osmotic solution, is 6-22 times faster than the 
increase of dry matter, which is very desirable and the candying effect of fruit is avoided.  
  By analyzing the content of mineral components (K, Na, Ca and Mg) in the samples 
osmotically dehydrated in saccharose solutions and sugar beet molasses, some advanta-
ges of applying molasses as hypertonic solution, were observed. 
  Osmotic dehydration of apple with saccharose solutions decreases the content of mi-
neral substances in the fruit tissue, while the osmotic solutions of sugar beet molasses 
increase the amount of mineral substances in the apple, and therefore increase its nutritive 
properties. 
  Apples osmotically dehydrated in pure saccharose solution had a softer and more 
gentle texture in comparison to the apple dehydrated in sugar beet molasses with 80% of 
dry matter. 
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ПРОМЕНА НУТРИТИВНОГ И ТЕКСТУРАЛНОГ КВАЛИТЕТА ЈАБУКЕ 
ПРИ ОСМОТСКОЈ ДЕХИДРАТАЦИЈИ У МЕЛАСИ ШЕЋЕРНЕ РЕПЕ И 
РАСТВОРИМА САХАРОЗЕ 
 
Гордана Б. Копривица, Невена М. Мишљеновић, Љубинко Б. Левић  
и Вјера С. Прибиш 
 
  У раду су испитивани текстура и минерални састав јабуке осмотски дехидри-
ране у хипертоничним растворима меласе шећерне репе у поређењу са својствима 
јабуке третиране у растворима сахарозе. Осмотска дехидратација је извођена на ат-
мосферском притиску и константној температури осмотског раствора од 55ºЦ. То-
ком експеримента мењана је концентрација меласе шећерне репе од 40 дo 80% и 
раствора сахарозе у опсегу 30-70% а праћене су и промене најважнијих кинетичких 
параметара осмотске дехидратације након 1, 3 и 5 сати трајања имерзије. Утврђено 
је да је осмотска дехидратација прихватљив поступак делимичног уклањања воде 
из свеже јабуке - ниво влаге је 4-5 пута мањи у односу на ниво влаге у свежем узор-
ку. Током осмотске дехидратације, у узорцима третираним у меласи шећерне репе 
дошло је до значајног повећања садржаја минералних материја па се самим тим по-
већала и њена нутритивна вредност. На основу измерених сила сечења (механичке 
особине  текстуре)  закључено  је  да  су  узорци  након  осмотске  дехидратације  у 
растворима сахарозе изразито мекши, сочнији и нежнији - сила сечења је три пута 
мања у односу на остале узорке јабуке. 
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